This Page Is Inserted by IF W Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representation of the original 
documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY 

As rescanning documents will not correct 
images, please do not report the images to the 
Image Problem Mailbox, 



PATENT SPECIFICATION ("> 1 565 124 

^ (21) Application No. 40212/77 (22) Filed 27 Sep. 1977 
3 S invention Application No's. 728464 (32) Hied 29^197^ 




Kf) (33) United States of America (US) 
& (44) Complete Specification Published 16 Apr. 1980 
(51) INT. CL. 3 C08G 18/14 

^E2A 32E2Y 32E6 32E9 32F2 32F4 
32FX 32G1C 32G1Y 32H1C > 32H1 
T5wra2 32H5BY 32H6A 32H6C 32H6Y 
1155 32H9A 32J10 32J12 32J1Y 

Sg Sffi SI 8R SS 300 
E if C^C1^3P 32 S A >28X 
C8B C8P C9Q LIB L2CX L4C 

(54) POLYURETHANE FOAMS 

5 (71) We W R. GRACE & CO., a Corporation o >P^^^^S^aZ 
5 offfi S ta7e%f Connecticut. United States of ^ the 
Americas, New York, New York 10036. "™|^™» d to us. and the method by which it 
invention for which ,we .pray *JH«ffl£SWSd by the following statement: 

^J^^^V^^^S^f^ use in surgery and other 
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"aromatic amine" as used nerein i ' ending po lvisocyanates. According raws 
other aromatic amines formed from " e in ^ reduLd' by introducing^ "scavenger, 
nresent invention the amount of aromatic amine is reuu , surv ive the foaming 

iSli prior to foaming, said scavenger^ ^^JfAccordinilythe present 
faction to react with aromatic amin " ^JVn^d.oermeable (as hereinafter defined) 

to which case the lodes of said scavenger in *emr*mre -".KSnle is from 110 ro 96. or 
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rSffiS b.'tK' ,D J vhich ,f ase the scavenger is present in an amount 
scavenger SlC s £SnS ° n -? f the fan <*ional groups of the 

react » iJ P?c\ S?e P ^ m ^n£^°£ Sa,d P^Pd)™*. and causing the resultfng mixture to 
5 mature did < &?SJS SSSgf 9 * * m < a > or (b >' which 

one dusocyanate and bis (3-methyI^isocyanatocyc]ohexv!)methanT re wen « trk 

15 asETON [ 8?8 ffom Shin "^P^lorohydrin eppxy resins derived from bisphenol A such 

SS^taXSS^fc !S nh 7 dnde copolymers. poly(maleic anhydride) and oljomere tKf 
KhalSe 'such WiSiSP^ and ""cyl vinyl ether/maleic anhydrfde copoly1ne?s; 
9n «Ti,««,jt as benzoyl chloride, octanoyl chloride and sebacoyl chloride- organic 
20 sulphonyl hahdes such as benzene sulphonyl chloride: and carbodiimides such is "Isolate" 

S^ S 6 C dtun T nr de ^ ,\ 43 t VP**»> and "Staboxo" (Revered I Trade Mark) I 
^is)2,6-diiso-propyIphenyl)carbodiimide) by Naftone. Inc. The scavengers can of course 

Snly dowlv ,X wtth S wat b er ndS T\ '«"> SSSIS^SSSS 

oniy slowly with water, polyols or isocvanate groups so as to survive the initial 
SmteSSS? 1 re H aCt -'° n ^ Ut i S Ca P able of reactin g "*« Rapidly with by-pScraromatic 
^S3iSS2fl£S?«?S and/or storing of the polyLethane product 

*„„ ^ e theory °f the formation of the aromatic amines as well as the activitv of the 
the?r S™ n°rnS ?£ ly under ? t0 ° d - il W"» that aromatic polyfeo^w^J^ 

vi £ S P">*»cts containing urea and urethane linkage? are hydrolvsed to produce 

Jrt aromatlc am ' nes whi ch can be leached from the polwrethane foam The Katie 30 
dusocyante or other scavenger is believed not to complete Successfully with thl aromatic 
polyisocyanate for functional groups during the polvmerisatior reaction Tnerefore^tne 
aliphatic isocyanate survives polymerisation and is Relieved to form urea additiM nrodurtt 

35 Jeaeh frT^ ami r eS as K these are Produced. These product appear to fbe more diKt to 

£*J ?Th« e .f 0, y urethane f°? m and a ^ also not believed to present a potential 35 
S'Hk a,s ° be en found that the resulting foams contain minor amou^nts of aliphatic 
amines which are hydrolysis products of the alfphatic isocvanates However the a Ktfe 
ammes are not believed to present the potential health problems rlfeed by Ae Smatic 

40 A number of factors are important in reducing levels of TDA and optimising the effect of 40 
500 nZ^&rJ" "T? 1 the re t idual aromati/amine content rtSSffte^S^ShSSf 
of T^A tlZ ZT^ 6 ' foam * whl ch are stored while still wet tend to exhibit a higher levd 
£L T ? u 5* corresponding foams stored following drying. Up to 8% bv weight of 
scavenger based on the weight of the prepolymer is usedl amounts or 4% bv weight or «s 
45 are frequent y satisfactory. Generally amounts range from 0.01 to 8% bv^wdehTand 
preferably 0.1 to 4% bv weight. It shoOld be understood that the weight peVcenta^eXba^ed 
on the weight of the MCO groups, in the case of an aliphaticTocvanate an! doeTnot 
res due ^tnf^e^^'T ° f ^isocvanate molecule s^ch as the ^hSclSSSrfJS 
SO other o™,^ SC °t s 0P h °rone dusocyanate. The above percentages also apply to the 
^LZl an}C £ m, ", e b,ndln / a ? ents employed.. Where an acyi chloride is empfowd the 
Seen ^of.fn'L^^ V- the motional eroups (C-Cl ). Also, the use of certain catalysts has 
Sh-^ , d i to be detrimental: accordrngly it is preferred that anv catalyst employed I be I 
mild catalyst which promotes reaction between the aromatic pol'visocvanate aSd hvdmLI 
ir,« P no/ V he P 01 ^ 1 and Pfrmits the foaming reaction to proceed^? arealonabfe X bG 
koev a n°L aU f u " des,rab 'e side reactions involving e/ther the aromatic or aShatic 55 
socyanate such as biuret formation or trimerisation. or cause the aliphatic isocvanate Pto I be 
incorporated into the polymer. If conventional strong catalysts such as tfn salts are 
employed, less than the usual amount should be used 

a J oPt'mum scavenger to be employed with a particular aromatic polvisocvanate can he 

" SSffZSlSS^LS^ corres P° nd mg a m!ne and the scaven^at^qSem^or 60 
greater; stoichiometric levels, i.e. enough of the scavenger is emDloved to react with one 

HSr^h" CaCh NHl gr °!iP- m. a common inert Jvent. wffi 16 hours atTmbient 
S«1ble^nJ I co™ieI'e ge AH n , d t a,ni n e should undergo a reaction which is esse^tiaa? 
M LJn»?Ifi., U K- complete. Additionally, when dispersed in water, the scavenger should 
65 generally exhibit a reaction rate with the water (at 25 C) which is less than^ouUO- 2 times 65 
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the reaction rate of the aromatic V^^S^StaSS SjSSSM! aromatic 
times In carrying out the test, ^Sau iStioB of, say. 10" 2 moles/litre, 
polyisocyanate and ^W^^TlS 25»C In die event either the scavenger or 
The rate of reaction can be measured at^s ay £ . out ug ^ agitanon 

aromatic isocyanate is insoluble |^^'j5S^gSS eosolvent can Be employed. It is 
and suitable surfactants, or a suitable wa * u _mis ore "rough screen* in 

betieved that the above test procedure £*^£S£#S die foaming process, the 
selecting useful scavengers. However due totne ^g^j be 5ased on actual runs, 
determination of utility of any pa rticular "J^tfaventlOB can be rigid, semi-rigid or 
The foams produced according to the pnn mven » flu 5i-permeable", as 

flextole Generally, the foams Possess a flu d- g™gg£d parallel to^tiie surface and 
u«d herein, is meant that a section ^J^^tJffS^ait least 0.25 ft. */minute/ft : 2 of 

te Vn a preferred embodiment of the *^*J^£^J^J8SZ - 
conventPonal conditions) a mixture ■ W™™^ ^ ^en^cSped with an aromatic 20 
prepolymer having polyether or in *an amount not exceeding about 8 

P^lyho^anate.thealiphanciswyanatebemg^ on & weight of the 

Saits preferably not exceeding about 4 parts WW weight of said prepolymer, 
KioSal groups of the *a*tffit^te&W degree of scavenging 
and water. The lower limit is no {^^'VjfflSc^nttB. Generally, a level of not 25 

25 ffSW*^ W^SSfe or - 

n-dodecyl isocyanate. ethylene ^^"^w^y^owSSate. fsophorone diisocyan- 30 
30 trimethvlene-dnsocyanate ^ *S2S^2 2^ffi£^W**^ diisocyanate and bis(3- 

is orally admixed 

In preparing foams by the prepolymer ttdnw. the /Svstand o&er additives (e.g. 
wUh !su?table B blowing ; agent ^^fffiSfflheta. The amount of 

35 fire retardants) depending on *e >Utimate ■jWJiSbont 0 .4 moles of H.O/mole of NCO 
water employed as a blowing agent "Pnen^Sg ™ s< for example 6.5 moles to 390 
groups to about 1,000 moles of H 2 0/mole _o : w.u &v ^ tsuch as an aqu eous s urry, 
Sole? In determining, the amount^ of ^jygS'SSSfag water-soluble material . the 
suspension, or emulsion or an "gjf°JJ* h ^" jJco groups of the scavenger as weU as the 

40 "mole of NCO groups" refers to the aliphatic wuu 'group po i y i SO cvanate in a one-shot 

40 N™0 groups contributed by the prepolymer or by ^h ^wgSffly required to react with 
reaction mixture, but does not »^etteNro^^ ^ £ or one-shot foams 
all the hydroxyl groups of the polyol emptoyed i in ^e one » p q55 mol f 

me amount of water employed is P^'^Sto reaction with the polyol). 45 

45 H*0/mole of NCO groups KS^JS2ffiS52Srf water employed is preferably 

£r a P W0»^ polyester backbone 

The urethane prepolymer emptoyed j «Bgtt ^toluene oiisocyanate: TD1). 
segments capped with an aromatic = W'^^g^^^e etters. such a. the reach« 
- SiStable polySher prepolymers include the PWgf^dE, styren e oxide, picohne oxide 
products of ethylene oxide, propylene «"*iX^o oVmore reactive hydrogens, such as 
ormethvl glycoside, with a compound containing wo or « " trk>1 pentaerythritol, 

water resorcinol. glycerol, tnmethylol propane- J; *SSy*» prepolymer 
JSStolSSvlene glycol, diethylene glycol and o ^^K 2«ol. and a monomeric 
isthe reaction product of a polyoxyethylene polyol. «gf l !g£fiL an aUphatic alcohol 
$£ho re ha^ ? ngat least 3 hydroxyf groups per motecute. «g««& p 

oolvethers are prepared. .„_,,_ emoloved are hvdrophilic in that at least 

Preferably, the polyether urethane prepolymers -empiowa. £e are oxyethylene umts with 
40 mole% of the Sxy^kylem > units "^J^S^SSSS^ units, in the resutoig 
^ta^Xro Polymer chains are connected by equally 
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^S W^^TPr'SS^^r^ % ° f ethylene units (excluding 
mole %. At oxyeThylenTfeve^ content is from about 55 or 60 to?! 

e promote disperLnof the ^SSS^SS^a^*l t0 USe a surfa «ant to 

5 For this purpose can be usedfor^xamnTJ !K t0 f °l nun g- Conventional surfactants 
based surfactants such as lose Sown ufferTe SS^' t P l rt i? ular F**"*" 
from polyether alcohols as wen as those derived frl^ t v ]^de Mark Pluronic derived 
stearyTalcohol, and a polvether alcohol anH ^„» 2 3 hl8he I auphatic alcohol such as 
silicone ester and a polyether aShol * surfactants - sample derived from a 

Polyo. with an 

15 fflW^xy^ 

linear and does not have as much itens lTK£h « ™Y^f S e | ultm S { oam ,s essentially 
isocyanate functionality i Tabout 2 a SffiSa^n b?lmZt£«° \ AcC °f d L ngly J if th * 
20 to the water in which the prepolymer is Ssoereed alMST,!* te y exam P ,e b v addition 
foams can be prepared, to minimise advl™ P -^£ ^F 1 ou P? *e linear non-crosslinked 

such as trVthylolpropanc or pentalryThrito, h * P°'>' , ™ c »°»=l 

or bnmcted^KfSSen^S polyisocyanate Alternatively, the linear 

dusocyanate, commercial S °2f toluene 2F^i£r 0e ** Mt *' toia ™-2*- 

■ 3*jsscu 5 ^^^^"^£43s^i sags 
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Alternatively a one-shot process is used by foaming (using conventional techniques) a 
mixture typically comprising: a) aliphatic isocyanate, as scavenger for aromatic amine, b) 
aromatic isocyanate, c) a polyether or polyester polyrol, and d) a catalyst system for 
promoting reaction between the aromatic polyisocyanate and the hydroxyl groups of the 
5 polyol, as well as water. In the mixture the aliphatic isocyanate index is from 0.01 to 4, 5 
generally 0.2 to 4, and the aromatic isocyanate index is from about 110 to about 96 
especially about 99.8 to about 96. 

The expression "index" is used conventionally to indicate the ratio of the actual amount 
of aromatic or aliphatic isocyanate in the reaction mixture to the theoretical amount of 

10 isocyanate needed for reaction with all active hydrogen compounds present in the reaction 10 
mixture, multiplied by 100. Of course, for scavengers other than the isocyanates the index 
indicates the ratio of equivalents of the scavenger group to the equivalents of all active 
hydrogen compounds initially present in the reaction mixture, multiplied by 100. 
Conventional catalyst systems can be employed in conventional manner in preparing the 

15 one-shot foams of the invention. However, it has been found that many catalysts increase 15 
the amount of aromatic amines in the foams and accordingly the amount of catalyst 
employed should be held to a minimum consistent with obtaining a desirable rate in the 
foaming reaction as well as desirable properties in the finished foam. As discussed above, 
suitable catalysts should promote reaction between the polyol and the NCO groups of the 

20 aromatic polyisocyanate and should be employed under conditions where detrimental side 20 
reactions (e.g. trimerisation, dimerisation and biuret .formation) are minimised. Conven- 
tional catalysts for promoting the NCO/alcohol reaction are set forth at Table LXX (page 
212) of Saunders and Frisch, Polyurethanes: Chemistry and Technology (Part I), 1962, John 
Wiley & Sons; the Table below illustrates some suitable amounts thereof (in parts of 

25 catalyst/100 parts by weight of the polyol) is set forth below. According to conventional 25 
practice, catalysts are frequently used as mixtures and thus the actual amounts employed 
may vary considerably; the total amount should be kept to a minimum. 
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In the one-shot process all of the ingredients, e.g. the polyether or polyester polyol, the 
aromatic polyisocyanate, the aliphatic isocyanate, the blowing agent, catalyst, and any 
additional components such as U V absorber, surfactant, fire retardant additive and tillers, 
are mixed together and poured onto a surface or into a mould where foaming takes place 
5 according to conventional procedures (see, for example. United States Patent No. 5 
3,790,508 and British Patent Specification No. 1,368,625). Suitable aromatic and aliphatic 
isocyanates, and polyols are as described above for the prepolymer process. 

After the foam has been prepared it is desirably dried. It is also possible to treat the 
foamed polyurethane with a scavenger. This can be done by imbibing the scavenger into the 
10 product using a liquid vehicle such as water or an organic solvent or by exposing the product 10 
to the scavenger in the form of a gas, vapour or aerolised spray medium. 

The foams of this invention are useful for, inter alia, decorative, cushioning, insulative, 
sound deadening, protective and fire retardant surfaces. Accordingly, these foams may 
form strippable coatings for protecting articles during handling and shipment. Also, 
15 because tne foams are easily sterilised and are low in undesirable residuals, they find great 15 
utility as household, industrial and/or health care, cosmetic, dental or biomedical/surgical 
products. The feature of fluid permeability of these materials renders them attractive for 
apparel. 

Catalysts, antioxidants and other chemical reactants may be supported on the foams for 
20 use in, for example, enzymatic reactions, fuel cells, filters, water or blood purification, 20 
extraction applications and in separation systems. 

Examples 1-8 

Use of various aliphatic diisocyanates to reduce toluene diamine (TDA) levels in 

25 polyurethane foams 25 
Polyurethane foams were prepared using the prepolymer technique by reacting 200 g of 
Prepolymer A, B, or C (described below) with 200 g of water containing 4 g of surfactant in 
the presence of the aliphatic isocyanate specified in Table I. With the exception of 
Examples 6-8, the surfactant employed was Pluronic L-62 (BASF- Wyandotte), a nonionic 

30 polyether-based surfactant. In Examples 6-8 the surfactant was "Brij" (Registered Trade 30 
Mark) 72 (Atlas Chemicals Division of ICI, America, Inc.), a stearate surfactant. In the 
control foam using Prepolymers B and C, the Brij stearate surfactant was also employed. In 
the control foam using Prepolymer C as well as in Example 8, the amount of Brii surfactant 
employed was about 0.5 weight percent based on the weight of the prepolymer. 

35 Prepolymer A was prepared by capping a mixture of trimethylolpropane (TMOP) and 35 
"Carbowax" (Registered Trade Mark) 1,000 (a polyoxyethylene glycol. Union Carbide and 
Chemicals Corp.) with toluene diisocyanate (TDI). Sufficient amounts of the mixtures were 
employed so tnat on the basis of molar equivalence the ratio of TDI/TMOP/glycol was 
7.1/1/2. Analysis of the prepolymer for free TDI showed it to contain 3% by weight. The 

40 TDI was added in two stages. First, sufficient TDI was added to react with 95% of the 40 
hydroxy 1 groups followed by addition of the remaining portion of the TDI. Several hours 
was allowed between additions to promote chain extension in the prepolymer. 

Prepolymer B was prepared using the same reactants as Prepolymer A except that the 
TDI/TMOP/glycol ratio was 6 .7/1/2. The prepolymer contained J c /o by weight of free TDI. 

45 Prepolymer C was prepared according to the method used to prepare Prepolymer A 45 
except that ethylene glycol was used as an additional reactant. The ratio of reactants used 
was TDI/TMOP/polymeric glycol/ethylene glycol of 8.6/1/2/1. 

The foams prepared as described above were analyzed for TDA by extracting 20 g of 
each foam 7 times with hot water followed by evaporation of the water. The extraction 

50 technique consisted of immersing 20 g of foam in 150 ml of deionized water at 38°C in a 50 
beaker for 5 minutes while compressing the foam several times with a spatula. This 
procedure was repeated 7 times with fresh water, ringing the foam as dry as possible 
between extractions. The combined extracts were filtered to remove any solid particles of 
foam and concentrated to approximately 50 ml in a rotary evaporator. The concentrate was 

55 evaporated to dryness in a beaker on a hot plate to obtain from about 0. 134 g to about 0.330 55 
g oi dry extract. At no time was the temperature allowed to exceed 60°C. The TDA content 
of the extracts was determined and the results are set forth in Table I. 
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From the above Table it can be seen that for the isocyanate foam of Example 1, the initial 
diamine level, calculated at 36 ppm, decreased significantly as the amount of aliphatic 
isocyanate employed was increased. Comparison of Examples 1, 2 and 6 shows a steady 
reduction of 2/ to 14 to the point where none was detectable. Similarly for methylenebis 
(cyclohexyl isocyanate) comparison of Examples 3 and 4 shows a similar decline. This 
decline is unexpected because each of the aliphatic diisocyanates was (Afunctional and some 
participation in the polymerisation reaction would seem probable. However, despite the 
presence of the exothermic polymerisation conditions, the presence of the aliphatic 
isocyanate still exhibited a significant influence on the amount of residual total extract and 
free tolylene diamine in the foam. 



Examples 9-18 



Preparation and Analysis of 
One-Shot Polyurethane Foams 



Trade name designations in Examples 9-18 are as follows: 
NIAX" (Registered Trade Mark) Polyol 1646- ethylene oxide/propylene 



(Union Carbide) 

NIAX Polyol 60-58 
(Union Carbide) 

NIAX LG-56 
(Union Carbide) 

Formrez 50 

(Witco Chemical Co.) 



"Freon" (Registered Trade Mark) 11 
(DuPont) 

Silicone L-520 
(Union Carbide) 



Silicone L-5320 
(Union Carbide) 

NIAX Catalyst A-l 
(Union Carbide) 



oxide copolymer 

- ethylene oxide/propylene 
oxide copolymer 

- propylene oxide polyol 
(m. w. 2* 3,000) 

- polyester (adipic acid/ 
diethylene glycol) glycol. 

m. w. =s 2T000. hydroxyl number 
m .w. = 2.000, hydroxyl number = 50 

- trichlorofluoromethane 



- hydrolyzable silicone 
surfactant (silicone ester/ 
polyether alcohol reaction 
product) 

- silicone surfactant 



- tertiary amine/glycol 
admixture 



"DABCO" (Registered Trade Mark) - triethylenediamine 
(Air Products) 



XDM421 

(The Dow Chemical Co.) 



polyoxyethylene triol (> 50% 
end-capped with secondary 
hydroxyl groups) 



"Hylene" (Registered Trade Mark) W- l.r-methylenebis(4- 
(DuPont) isocyanatocyclohexane) 



DDI-1410 
(General Mills) 

Fryol FR-2 



(Stauffer) 



- stearic acid dimer 
diisocyanate 

- tris-2,3-dichloropropyl 



phosphate 



"Armeen" (Registered Trade Mark) D-16-D- dimethylhexadecylamine 
(Armak Co.) 
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Foams (designated A-E) were prepared using the one-shot technique and formulations as 
described below. Five sample foams were prepared from each formulation and the residual 
aromatic amine content from the five samples was averaged to give the values shown in 
Table II (below). Also, five control foams (no additive) were prepared from each 
5 formulation with the aromatic amine values shown in Table II being the average of the five. 5 
In Table II the aliphatic isocyanate employed in the odd-numbered examples was Hylene 
W. The aliphatic isocyanate employed in the even-numbered examples was DDI-1410. The 
foam formulations employed in the examples are as follows: Formulation A (Examples 9, 
10); Formulation B (Examples 11, 12); Formulation C (Examples 13, 14); Formulation D 
10 (Examples 15, 16); and Formulation E (Examples 17,. 18). 10 

TABLE II 

Residual Aromatic 

15 Residual Aromatic Amine in Control 15 

Example Amine (ppn) Foams (No Additive) (ppn) 

9 

20 2,4 26.3 44.3 20 

2,6 54.4 54.9 

10 

2,4 22.3 44.3 

25 2,6 47.6 54.9 25 

11 

2,4 11.6 53.6 

2,6 43.1 96.1 
30 30 
12 

2,4 46.0 53.6 



2,6 101.7 96.1 

2,4 44.1 55.3 

2,6 24.0 50.1 



35 13 35 
2,4 44.1 55.3 



40 W 2,4 7.2 55.3 40 

2,6 39.3 50.1 

15 

2,4 0 25.4 

45 2,6 0 71.1 45 

16 

2,4 19.2 25.4 

2,6 71.1 
50 50 
17 

2,4 0 21 

2,6 0 0 

55 55 
18 

2,4 0 21 

2.6 6.1 0 

60 60 

Foams were prepared as follows. The number in parentheses following the ingredient is 
the parts by weight of said ingredient. 

Formulation A was prepared by admixing NIAX Polyol 1646 (100). distilled water (3), 
fluorocarbon 11 (3) and silicone L-520 (2) to form mixture 1. NIAX catalyst A-l (0.2), 
65 stannous octoate (0.35), toluene diisocyanate 80/20 (49.5) and either Hylene W (6) or 65 
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DDI-1410 (6) were admixed to form mixture 2. Mixtures 1 and 2 were combined and stirred 
for about 10 seconds followed by formation of a very soft polyurethane foam (Foam A). 

Formulation B was prepared by admixing NIAX polyol 60-58 (100), distilled water (4), 
Silicone L-520 (2), and DABCO (0.15) to form mixture 1. N-ethylmorpholine (0.60), 
5 stannous octoate (0.15), TDI 80/20 (50) and either Hylene W (6) or DDI-1410 (6) were 5 
admixed to form mixture 2. Mixtures 1 and 2 were combined and stirred for about 10 
seconds followed by production of a flexible polyurethane foam (Foam B). 

Formulation C was prepared by admixing NIAX LG-56 (100), Fryol FR-2 (20), distilled 
water (4) and Silicone L-520 (1) to form mixture 1. NIAX Catalyst A-l (0.1), stannous 
10 octoate (0.35), TDI 80/20 (50.7) and either Hylene W (6) or DDI-1410 (6) were admixed to 10 
form mixture 2. Mixtures 1 and 2 were combined and stirred for about 10 seconds followed 
by production of a polyurethane foam having flame retardant properties (Foam C). 

Formulation D was prepared by admixing Formrez 50 (100), distilled water (3.8), 
Silicone L-5320 (1.0) and Armeen DM-16-D (0.3) to form mixture 1. N-ethyl morpholine 
15 (1.9), TDI 80/20 (44.9) and either Hylene W (5.8) or DDI-1410 (5.8) were admixed to form 15 
mixture 2. Mixtures 1 and 2 were combined and stirred for about 10 seconds followed by 
production of a polyester foam (Foam D). 

Formulation E was prepared by admixing XDI-1421 (100), distilled water (3.0) and 
Silicone L-5320 (0.1) to form mixture 1. Triethylamine (0.15), stannous octoate (0.075) and 
20 TDI 80/20 (34.0) were admixed with either Hylene W (5.36) or DDI-1410 (5.36) to form 20 
mixture 2. Mixtures 1 and 2 were combined with stirring for about 10 seconds to produce a 
hydrophilic polyurethane foam (Foam E). 

Analysis of the foams of Table II to obtain the residual aromatic amine values was carried 
out using thin layer chromatography in a method very similar to that described by 
25 Kotteman (J. A. O. A. C, 49 (5), 954-959 (1966)). Visualization using ultraviolet light was 25 
aided by spraying the plates with "Fluram** (Registered Trade Mark; 4-phenylspirojfiiran- 
2(3H),-l'-phthalan]-3,3'-dione), by Roche Diagnostics). 

In the analytical method a foam sample weighing 1-2 g (weighed to the nearest mg) is 
covered with /5 ml of methanol in a 250 ml beaker and soaked for 5 minutes with occasional 
. 30 compression. The methanol is decanted by squeezing the foam as completely as possible. 30 
This procedure is repeated twice with fresh methanol, and the combined extracts are 
concentrated to 25 ml for further analysis. 

Standard solutions of 2,4- and 2, 6- toluene diamine (hereinafter TDA) are prepared in 
methanol and contain 20, 16. 12, 8, 4 and 2 ug/ml. The standard solutions and the unknown 
35 extract (using 20 microlitres of each) are spotted at 7 positions equidistant from each other 35 
with each spot being 3 cm from the bottom of a standard 20 cm x 20 cm silica gel TLC plate. 
The unknown occupies the seventh position at one side of the plate. After the spots have 
dried, the plate is placed in a developing tank containing 120 ml of chloroform, 33 ml of 
ethyl acetate, 20 ml of ethanol and 7 ml of glacial acetic acid. Development takes about one 
40 hour and is complete when the developing solution reaches a line 15 cm above the bottom 40 
of the plate. 

The plate is dried in a horizontal position for 5-10 minutes and then sprayed uniformly in 
a vertical position with a 0.015% solution of Fluram in acetone. The spots which appear 
approximately 6 cm (2,4-isomer) and 8 cm (2.6-isomer) above the bottom of the plate can 

45 be located with ultraviolet light, e.g. a long-wave hand-held BLAK RAY model UVL-60 45 
from Ultraviolet Products. Inc. The sides of the plate are marked to indicate the line 
through which the plate is to be scanned. 

The plate is placed in an Aminco-Bowman Spectrophoto Fluorimeter (Model J4-8427) 
with a Model J 10-280 photomultiplier microphotometer having a strip chart recorder with a 

50 10 millivolt full-scale output attached thereto. The excitation wavelength in the scanner is 50 
adjusted to 390 nm and the resulting visable light spot is adjusted to scan across the line of 
TDA spots. The emisson wavelength is set at 500 nm. The plate is scanned starting with the 
strongest standard spot to generate a chart showing relative fluorescence of the TDA 
isomer spots as a series of curves wherein the light is proportional to the concentration of 

55 TDA in the unknown. „ 55 

Peak heights are measured from the baseline and are plotted. The concentration of TDA 
in the extract is then calculated from the known concentrations of the standard solutions. 
This value, expressed as ppm in the original foam, is obtained using the following equation: 

60 TDA, ppm in foam = (TDA in extract, ng/ml) (mi extract) 

foam weight, g. 

To illustrate use of the above equation, if a 2.0 g toam sample generates 25.0 ml of 
concentrated extract containing 5.7 ug/ml of 2.4-TDA, the foam sample contains 
approximately 71 ppm of 2.4-TDA. 
65 The precision of the above method is ± 30% at a level of 20 ppm. 55 
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Examples 19-25 



Use of Bis(3-methyl-4-isocyanatocyclohexyl)methane as 
Scavenger for Aromatic Amines 



5 Various amounts of bis(3-methyl-4-isocyanatocycIohexyl)methane were admixed with 5 
two different hydrophilic urethane prepolymers (Prepolymers F and G) prior to foaming. 
Foaming was carried out by admixing the prepolymer (100 parts), water (100 parts) and a 
surfactant (2 parts). The surfactant employed was Pluronic L-62 (BASF/Wyandotte). The 
resulting foams were analysed for their residual content of aromatic amines according to the 
10 method set forth in Examples 9-18, and the results are set forth in Table III. 10 
Prepolymer F was prepared by admixing polyethylene glycol (M.W. = 1,000) with 
TMOP. Sufficient TDI was added to cap 95% of the hydroxyl groups present followed by 
further addition of TDI to provide a theoretical excess of 10% TDI. Following the initial 
addition of TDI, the admixture was allowed to react for several hours before the final 15% 
15 TDI was added. The mole ratio of PEG 1,000/TMOP was 2/1. 15 
Prepolymer G was prepared following the same general procedure as Prepolymer F with 
the exception that the PEG 1,000/TMOP ratio was 2/0.66. Also, only 92% TDI was added 
during the first addition. Following a reaction period, an additional 13% TDI was added. 
In control 1 and Examples 19-22. Prepolymer F was employed. In control 2 and 
20 Examples 23-25, Prepolymer G was employed. 20 

TABLE III 



25 






Residual Aromatic 
Amine (PPM) 




25 


30 


Example 


Parts Diisocyanate 

Per 100 Parts by weight 

Prepolymer 


Wet 2 


Air Dry 3 
Overnight 


30 Minute 4 
Forced 
Air Drying 


30 


Control 1 


0 


15.6 


27.2 


7.5 




19 


1.0 


0 


0 


0 




35 


20 


0.5 


0 


0 


0 


35 




21 


0.25 


8.9 


14.2 


0 




40 


22 

Control 2 


1 part 1 
0 


0 

26.0 


13.1 
23.4 


0 

10.6 


40 




23 


1.0 


0 


0 


0 




45 


24 


0.5 


0 


0 


0 


45 




25 


0.25 


0 


0 


0 





50 x Foam prepared by machine equipped with a mixing head. 50 
2 Foam was analyzed when wet immediately after foaming. 
3 Foam was analyzed after drying in air overnight. 

4 Foam was analyzed after drying for 30 minutes with forced air at 60-70°C. 
WHAT WE CLAIM IS: 
55 1. A process for preparing a fluid-permeable (as hereinbefore defined) polyurethane 55 
foam derived from an aromatic poly-isocyanate which comprises incorporating a scavenger 
for aromatic amine either in: 

(a) a mixture of an aromatic poly-isocyanate. a polyether or polyester polyol and water 
in which case the index of said scavenger in the mixture is from 0.01 to 4 and the index of 

60 said aromatic poly-isocyanate in the mixture is from 110 to 96. or 60 

(b) a mixture of a prepolymer comprising polyether or polyester units capped by an 
aromatic poly-isocyanate. and water, in which case the scavenger is present in an amount 
not more than 8 parts by weight based on the weight of the functional groups of the 
scavenger per 100 parts by weight of said prepolymer. and causing the resulting mixture to 

65 react, or in (c) the foam obtained by reacting a mixture as defined under (a) or (b). which 65 
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mixture need not contain scavenger. 

2. A process according to claim 1 in which the scavenger exhibits a reaction rate with 
water which is less than 10" 2 times the reaction rate of the aromatic poly-isocyanate with 
water. 

5 3. A process according to claim 2 in which the scavenger is an aliphatic isocyanate. 5 
4. A process according to claim 3 in which the aliphatic isocyanate is 4,4*- 
methylenebiscyclohexyl diisocyanate, isophorone diisocyanate, bfs (3-methyl-4- 
isocyanatocyclohexyl) methane, tris (6-isocyanatohexamethylene)- biuret or an isocyanate 
derivative of a condensed fatty add. 
10 5. A process according to any one of the preceding claims in which the foam is dried 10 
after preparation. 

6. A process according to any one of the preceding claims for preparing a hydrophilic 
polyurethane foam. 

7. A process according to any one of the preceding claims in which the scavenger is 

15 incorporated into a mixture as defined under (b). 15 

8. A process according to claim 7 in which the scavenger exhibits a reaction rate with 
water which is less than 10" 3 times the reaction rate of the aromatic polyisocyanate with 
water. 

9. A process according to claim 7 or 8 in which the urethane prepolymer is the reaction 

20 product of a polyoxyalkylene polyol wherein at least 40 mole 9b of the oxyalkylene units are 20 
oxyethylene and an aromatic polyisocyanate. 

10. A process according to claim 9 in which at least 60 mole % of the oxyalkylene units 
are oxy ethylene. 

11. A process according to any of of claims 7 to 10 in which the urethane prepolymer is 

25 the reaction product of a polyoxyethylene polyol with a monomeric alcohol having at least 3 25 
hydroxy! groups per molecule, capped with an aromatic poly-isocyanate. 

12. A process according to claim 11 in which the alcohol is an aliphatic alcohol having 3 
hydroxyl groups per molecule and the polyol is a polyoxvethylene glycol. 

13. A process according to any one of claims 3 to 12 in which "the aliphatic isocyanate is 

30 present in an amount from 0.1 to 4% by weight of said prepolymer. 30 

14. A process according to any one of claims 7 to 13 in which the water is present in an 
amount from 0.4 to 1000/mole H 2 ()/mole of NCO groups. 

15. A process according to any one of claims 7 to 14 in which the water is present in an 
amount from 6.5 to 390 mole H 2 0/mole of NCO groups. 

35 16. A process according to anv one of claims" 1 to 6 in which the scavenger is 35 
incorporated into a mixture as defined under (a). 

17. A process according to claim 16 in which the polyol is a polyether. 

18. A process according to claim 17 in which the polyol is a hydrophilic polyether. 

19. A process according to claim 18 in which the polyol is a polyoxyalkylene polyol in 

40 which at least 40 mole % of the oxyalkylene units are oxvethylene* 40 

20. A process according to claim 19' in which at least 60 mofe % of the oxyalkylene units 
are oxyethylene. 

21. A process according to anv one of claims 18 to 20 in which the polyether is a 
reaction product of a polyoxyethylene polyol with an aliphatic alcohol having at least 3 

45 hydroxyl groups per mole. 45 

22. A process according to claim 15 in which the polyol is a polyester. 

23. A process according to any one of claims 16 to 21 in which the water is present in an 
amount from 0.40 to 0.55 mole H;>0/niole of NCO groups. 

24. A process according to any one of claims 16 to 22 in which the water is present in an 

50 amount from 6.5 to 390 mole H 2 0/mole of NCO groups. 50 

25. A process according to any one of claims 16 to 23 in which the index of the aromatic 
poly-isocyanate in the mixture is from 99.8 to 96. 

26. A process according to claim 1 substantially as hereinbefore described. 

27. A process according to claim 1 substantially as described in any one of Examples 1 

55 to 4 and 6 to 25. 55 

28. A fluid-permeable polyurethane foam whenever prepared by a process as claimed 
in any one of the preceding claims. 

29. A composition for preparing a polyurethane foam comprising: 

!a) an aliphatic isocyanate and 
b) a hydrophilic urethane prepolymer haviniz polyether backbone segments capped 60 
with an aromatic polyisocyanate, the amount of aliphatic isocyanate in said mixture being 
not more than 8 parts by weight based on the weight of the functional groups of the aliphatic 
isocyanate per 100 parts by weight of said prepolvmer. 

30. A composition according to claim 29 in which the urethane prepolymer is the 

65 reaction product of a mixture of a polyoxyethylene polyol with an aliphatic alcohol having 65 
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at least 3 hydroxyl groups per molecule, said hydroxyl groups being capped with an 
aromatic poly isocyanate. 

31. A composition according to claim 30 in which the polyoxyethylene polyol is a 
polyethylene glycol and the aliphatic alcohol has 3 hydroxyl groups per molecule. 
5 32. A composition according to any one of claims 29 to 31 in which the aliphatic 5 
isocyanate is 4,4'«methylene-biscycolhexyl diisocyanate, isophorone diisocyanate, bis(3- 
methyl-4-isocyanatocyclohexyl)methane. tris (6-isocyanatohexamethylene)-biuret or an 
isocyanate derivative of a condensed fatty acid. 

33. A composition according to any one of claims 29 to 32 in which the aliphatic 

10 isocyanate is present in an amount from 0.1 to 4% by weight of said prepolymer. 10 

34. A composition according to claim 29 substantially as hereinbefore described. 

J.A. KEMP & CO.. 
Chartered Patent Agents, 
15 14, South Square. 15 

Gray's Inn, London. W.C.I. 
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